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Background: The aim of this study was to evaluate aprepitant in combination with palonosetron as compared to palo-
nosetron alone for the prevention of postoperative nausea and vomiting (PONV) in female patients receiving fentan-
yl-based intravenous patient-controlled analgesia (IV-PCA). 
Methods: In this randomized single-blinded study, 100 female patients scheduled for elective surgery under general an-
esthesia were randomized to two groups: Group AP (80 mg aprepitant plus 0.075 mg palonosetron, n = 50) and Group P 
(0.075 mg palonosetron, n = 50). The patients in group AP received 80 mg aprepitant per oral 1–3 h before surgery, while 
all patients received 0.075 mg palonosetron after induction of standardized anesthesia. All patients had postoperative 
access to fentanyl-based IV-PCA. The incidence of nausea and vomiting, use of rescue medication, and severity of nausea 
were evaluated at 6 and 24 h after surgery. 
Results: The incidence of nausea (54%) and vomiting (2%) in group AP did not differ significantly from that in group P 
(48% and 14%, respectively) during the first 24 h after surgery (P > 0.05). Patient requirements for rescue medication in 
group AP (29%) were similar to those in group P (32%) at 24 h after surgery (P > 0.05). There was no difference between 
the groups in severity of nausea during the first 24 h after surgery (P > 0.05). 
Conclusions: Aprepitant combined with palonosetron did not reduce the incidence of PONV as compared to palonose-
tron alone within 24 h of surgery in women receiving fentanyl-based IV-PCA.
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Introduction

Despite advances in anesthesia and the widespread use of an-
tiemetics, postoperative nausea and vomiting (PONV) are still a 
common and concerning problem that results in decreased pa-
tient satisfaction, delayed recovery, and increased hospital costs. 
The incidence of PONV has been reported to be 20%–50% and 
can be as high as 80% in patients at high-risk of PONV [1,2].

The pathophysiology of PONV is still unclear. PONV has a 
multifactorial origin and is thought to occur through a variety 
of receptors including dopamine, serotonin, histamine, acetyl-
choline, and neurokinin-1 (NK1) receptors. To prevent PONV, 
various medications that target one of these receptors are used, 
including dopamine receptor antagonists, serotonin 5-hydroxy-
tryptamine type 3 (5-HT3) receptor antagonists, histamine 
receptor antagonists, anticholinergics, corticosteroids, and NK1 
receptor antagonists [1,3]. 

Among these antiemetics, 5-HT3 receptor antagonists are the 
most commonly used for the prevention of PONV because of 
their efficacy and low side-effect profile. 5-HT3 receptor antag-
onists, such as ondansetron, dolasetron, tropisetron, and ramo-
setron, act on the 5-HT3 receptor by competing with central and 
peripheral serotonin binding [4].

Palonosetron is a second-generation 5-HT3 antagonist that 
has a longer half-life (> 40 h) and greater affinity to the 5-HT3 
receptor than older 5-HT3 antagonists such as ondansetron, 
granisetron, and ramosetron. Palonosetron has a distinct chemi-
cal structure, mechanism of action, and pharmacodynamic pro-
file compared to older 5-HT3 antagonists. It exhibits allosteric 
binding and positive cooperativity with the 5-HT3 receptor and 
triggers 5-HT3 receptor internalization leading to its long dura-
tion of action [5]. Palonosetron is effective in preventing che-
motherapy-induced nausea and vomiting (CINV) in both acute 
(0–24 h) and delayed settings (24–120 h). It is the only 5-HT3 
receptor antagonist approved for both acute and delayed CINV 
[6–8]. Palonosetron is effective for the prevention of PONV and 
was approved in 2008, at a dose of 0.075 mg intravenously, by 
the US Food and Drug Administration (FDA) for the preven-
tion of PONV for up to 24 h post-surgery [9–11].

Aprepitant is a highly selective antagonist at the NK1 re-
ceptor with a half-life of 40 h. Substance P is an endogenous 
ligand for the NK1 receptor and is a potent inducer of emesis. 
NK1 receptors are located in the gut, in the area postrema and 
the nucleus tractus solitarius; these areas are involved in the 
emesis reflex. Like serotonin, substance P is released by emeto-
genic chemotherapies and appears to act on receptors that are 
both peripherally and centrally located. Aprepitant crosses the 
blood-brain barrier and can act on both central and periph-
erally located NK1 receptors. An advantage of aprepitant is its 
strong anti-emetic effect in both the acute and delayed periods. 

Aprepitant is effective for the prevention of acute CINV, but 
most importantly is effective in delaying CINV when combined 
with 5-HT3 antagonists or dexamethasone [12,13]. Therefore, it 
has been endorsed as part of a three-drug combination (an NK1 
receptor antagonist, a 5-HT3 receptor antagonist, and dexameth-
asone) for the prevention of CINV [14]. For the prevention of 
PONV, aprepitant is effective for up to 24 h post-surgery and 
has been demonstrated to be more effective than ondansetron 
for preventing vomiting at 24 and 48 h post-surgery [15–17]. 
Aprepitant was the first NK1 receptor antagonist for PONV ap-
proved by the US FDA [3]. 

To date, no single antiemetic agent has shown the ability to 
eliminate PONV; therefore, combination antiemetic therapy 
with two or more classes of agents is recommended rather than 
monotherapy to prevent PONV in high-risk patients [1].

Recently, it was reported that a combination of aprepitant 
with ramosetron was more effective than ramosetron alone for 
the prevention of PONV in high-risk patients [18]. However, 
there are no reports about combination therapy using aprepi-
tant and palonosetron to prevent PONV, although combination 
therapy using aprepitant, palonosetron, and dexamethasone has 
been used for the prevention of CINV [14].

We hypothesized that the combination of aprepitant and 
palonosetron might be superior to palonosetron alone for the 
prevention of PONV in high-risk patients. We compared the 
effect of aprepitant in combination with palonosetron to that 
of palonosetron alone in women at high risk for PONV, who 
received opioid-based intravenous patient-controlled analgesia 
(IV-PCA).  

Materials and Methods

This prospective, single-blinded randomized controlled 
trial was approved by our hospital’s Institutional Review Board 
(No. 2012-159) and was registered in the clinical trials registry 
(KCT0002433). 

The trial included 100 female patients aged 20–70 years with 
an American Society of Anesthesiologists physical status rating 
of I–II, who used IV-PCA for postoperative pain control after 
elective surgery under general anesthesia.

Exclusion criteria included the presence of allergies to palo-
nosetron, aprepitant, nonsteroidal anti-inflammatory drugs or 
opioids, the use of antiemetic drugs, or steroid medication with-
in 24 h of surgery, nausea or vomiting within 24 h of surgery, 
dementia or communication difficulties, a history of severe re-
spiratory or cardiovascular disease, a history of gastrointestinal, 
neurologic, liver, or renal disease, pregnancy, and severe obesity. 

All patients were given information about the trial and all 
provided written informed consent. Patients were divided ran-
domly by a computer-generated number table into Group AP (80 
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mg oral aprepitant [EmendⓇ, MSD Korea, Korea] plus 0.075 mg 
intravenous palonosetron, n = 50) or Group P (0.075 mg intra-
venous palonosetron, n = 50). 

The patients allocated to group AP received 80 mg aprepi-
tant peroral with water 2–3 h prior to their surgery. All patients 
received 0.2 mg glycopyrrolate intramuscularly on the ward 30 
min before surgery. On arrival in the operating theatre, standard 
monitoring was performed, including non-invasive blood pres-
sure, peripheral oxygen saturation, and electrocardiography. 

General anesthesia was standardized for each patient. Anes-
thesia was induced using a bolus of 2 mg/kg 1% propofol and 40 
mg 2% lidocaine followed by continuous infusion of remifent-
anil (0.05–0.5 μg/kg/min). After the loss of consciousness, 0.6 
mg/kg rocuronium was administered for muscle relaxation 
and endotracheal intubation was performed. Anesthesia was 
maintained with inhaled anesthetics (desflurane or sevoflurane) 
in 50% oxygen with continuous infusion of remifentanil. After 
induction of anesthesia, 0.075 mg of palonosetron was admin-
istered intravenously to all patients. At the end of the surgical 
procedure, neuromuscular relaxation was reversed with pyr-
idostigmine and glycopyrrolate, and patients were extubated. All 
patients received fentanyl-based IV-PCA postoperatively.

When a patient complained of moderate to severe nausea or 
vomiting, intravenous metoclopramide (10 mg) was adminis-
tered. If this did not improve their condition, 4 mg intravenous 
ondansetron was injected as a supplementary treatment.

Our primary end-point was the incidence of PONV during 
the 24 h postoperative period, with secondary end-points of 
nausea severity, use of rescue medication, patient satisfaction, 
and adverse events. 

All patients were interviewed regarding the occurrence of 
nausea and vomiting and were asked to rank their nausea using 
a four-point verbal rating scale (0 = none, 1 = mild, 2 = moder-
ate, 3 = severe). The use of rescue medication and other adverse 
effects of IV-PCA or antiemetics were also noted at 1, 6, and 24 
h postoperatively. Patient satisfaction at 24 h post-surgery was 
quantified using a three-point scale (0 = dissatisfied, 1 = neither 
satisfied nor dissatisfied, 2 = satisfied). 

Candiotti et al. [10] reported a PONV incidence of 57% when 
using 0.075 mg palonosetron, whereas Lee et al. [18] reported an 
absolute rate of reduction of 30% when using aprepitant com-
bined with ramosetron. Based on these two reports, 42 patients 
were required per group for a one-sided α = 0.05 at a power of 
90%; assuming a drop-out rate of 20%, in total, 50 patients were 
required for the study. Statistical analyses were performed using 
SPSS Statistics for Windows, ver. 14.0 (SPSS Inc., USA). The cat-
egorical data were analyzed using a chi-squared or Fisher’s exact 
test and presented as frequencies with percentages. The con-
tinuous data were analyzed using Student’s t-test and presented 
as mean ± SD. A P value of < 0.05 was considered statistically 
significant. 

Results

In total, 115 patients were screened, among whom 100 were 
enrolled in the study and divided randomly into two groups. Of 
the study patients, nine in group AP and five in group P were 
excluded from the study due to protocol violations, while one 
patient in group P withdrew as the surgery was canceled. Data 
obtained from the remaining 85 patients were analyzed, with 41 

Excluded (n = 15)
Not meeting inclusion criteria (n = 11)
Declined to participate (n = 4)
Other reasons (n = 0)

Assessed for eligibility (n = 115)

Withdrawn (protocol violation) (n = 9)

Allocated to AP group (n = 50)
Received allocated intervention (n = 50)
Did not receive allocated intervention (n = 0)

Analysed (n = 41)
Excluded from analysis (n = 0)

Withdrawn (protocol violation) (n = 5)

Discontinued intervention (operation
cancelled) (n = 1)

Allocated to P group (n = 50)
Received allocated intervention (n = 50)
Did not receive allocated intervention (n = 0)

Analysed (n = 44)
Excluded from analysis (n = 0)

Enrollment

Allocation

Follow-up

Analysis

Randomized (n = 100)

Fig. 1. CONSORT diagram. AP group: 
80 mg aprepitant per oral plus 0.075 mg 
pa lo no se tron in tra ve nou sly, P group: 
0.075 mg pal ono setron alone.
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patients in group AP and 44 patients in group P (Fig. 1).
The baseline characteristics of the patients, and their previ-

ous operation history, PONV history, motion-sickness history, 
smoking status, surgery type, duration of surgery, and duration 
of anesthesia were all similar between the groups (P > 0.05, Ta-
ble 1). 

The incidence of nausea (54%) and vomiting (2%) in group 
AP did not differ significantly from that in group P (48% and 
14%, respectively) during the first 24 h after surgery (P > 0.05, 

Table 2). In group AP, 29% of patients required rescue medica-
tion within 24 h of surgery (P > 0.05) compared to 32% of those 
in group P (Table 2). The severity of nausea during the first 24 h 
after surgery was similar in the two groups (P > 0.05, Fig. 2) and 
there was no difference in satisfaction scores between the groups 
(P > 0.05, Table 3). There was no significant difference in the 
rate of adverse effects between the groups (P > 0.05, Table 3). 

Discussion

This study demonstrated that aprepitant combined with 
palonosetron did not reduce the incidence of PONV to a greater 
extent than palonosetron alone in the first 24 h after surgery 
in female patients receiving fentanyl IV-PCA for postoperative 
pain control.

Although the precise etiology of PONV is unknown, many 
risk factors are recognized, such as female sex, non-smoking 

Table 1. Baseline Characteristics

AP group
(n = 41)

P group
(n = 44) P value

Age (yr) 52 ± 12 52 ± 12 0.887
Weight (kg) 60 ± 9 62 ± 9 0.337
History of PONV 5 (12%) 4 (9%) 0.733
History of motion sickness 17 (41%) 13 (30%) 0.251
Smoker 2 (5%) 6 (14%) 0.268
Type of surgery 0.780

Major orthopedic operation 35 (85%) 35 (80%)
Thyroidectomy 2 (5%) 2 (5%)
Laparoscopic hysterectomy 1 (2%) 3 (7%)
Laparoscopic cholecystectomy 3 (7%) 4 (9%)

Duration of surgery (min)  86 ± 56  89 ± 60 0.755
Duration of anesthesia (min) 129 ± 56 132 ± 66 0.831

Values are expressed as mean ± SD or number of patients (%). 
AP group: 80 mg aprepitant per oral plus 0.075 mg intravenous 
palonosetron, P group: 0.075 mg intravenous palonosetron alone. 
PONV: postoperative nausea and vomiting.

Table 2. Incidence of Nausea and Vomiting, and Use of Rescue Anti-
emetic Medication during the First 24 Hours after Surgery

AP group
(n = 41)

P group
(n = 44) P value

0–6 h
Nausea 20 (49%) 20 (45%) 0.829
Vomiting 1 (2%) 3 (7%) 0.617
PONV 20 (49%) 20 (45%) 0.829
Rescue antiemetics 11 (27%) 11 (25%) 1.000

6–24 h
Nausea 7 (17%) 12 (27%) 0.305
Vomiting 0 (0%) 3 (7%) 0.242
PONV 7 (17%) 14 (32%) 0.137
Rescue antiemetics 2 (5%) 5 (11%) 0.435

0–24 h
Nausea 22 (54%) 21 (48%) 0.666
Vomiting 1 (2%) 6 (14%) 0.111
PONV 22 (54%) 23 (52%) 1.000
Rescue antiemetics 12 (29%) 14 (32%) 0.818

Values are expressed as number of patients (%). AP group: 80 mg 
aprepitant per oral plus 0.075 mg intravenous palonosetron, P group: 
0.075 mg intravenous palonosetron alone. PONV: postoperative nausea 
and vomiting.

%

P group

60

50

40

30

20

10

0 6 h

0

Severe
Moderate
Mild

6 24 h 0 24 h

AP group AP group AP groupP group P group

Fig. 2. Severity of nausea during the first 24 h after surgery. There 
was no significant difference in the severity of nausea between the 
groups during the first 24 h after surgery (P > 0.05). AP group: 80 mg 
aprepitant per oral plus 0.075 mg intravenous palonosetron, P group: 
0.075 mg intravenous palonosetron alone.

Table 3. Incidence of Adverse Events and Patient Satisfaction during the 
First 24 Hours after Surgery

AP group
(n = 41)

P group
(n = 44) P value

Adverse effect
Dizziness 11 (27%) 12 (27%) 1.000
Headache 3 (7%) 4 (9%) 1.000

Satisfaction 0.127
Satisfied 36 (88%) 33 (75%)
Neutral 3 (7%) 10 (23%)
Dissatisfied 2 (5%) 1 (2%)

Values are expressed as number of patients (%). AP group: 80 mg 
aprepitant per oral plus 0.075 mg intravenous palonosetron, P group: 
0.075 mg intravenous palonosetron alone.
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status, history of PONV and/or motion sickness, use of vola-
tile agents or nitrous oxide for anesthesia, use of postoperative 
opioids, and the duration and type of surgery [1]. Apfel et al. 
[19] reported four important independent risk factors: female 
sex, use of postoperative opioids, a history of PONV or motion 
sickness, and non-smoker status. Based on these four factors, a 
simplified risk score for predicting PONV was developed [19]. 
They suggested that the incidence of PONV increases to 10%, 
20%, 40%, 60%, and 80% as the number of risk factors increases 
from 0 to 1, 2, 3, and 4, respectively. In this study, the risk factors 
were equivalent between the groups, with most patients having 
an Apfel’s risk score of 3 or 4, which is considered a high risk for 
PONV. 

In patients at high risk for PONV, it is recommended that 
antiemetic therapy combining two or more distinct classes of 
agents should be used to target the various receptors respon-
sible for PONV [1]. While all antiemetic interventions act via 
independent mechanisms, their combined action is additive 
[20]. The most widely used combinations for the prevention of 
PONV are 5-HT3 receptor antagonists combined with either 
dexamethasone, droperidol, or another antiemetic, and it has 
been shown that combination therapy is more effective than 
monotherapy [1,21].

Recently, combination therapies using aprepitant and 5-HT3 
receptor antagonists for PONV prevention have been reported. 
Vallejo et al. [22] reported that aprepitant combined with on-
dansetron significantly decreased postoperative vomiting (from 
29.7% to 9.3%) and nausea severity compared to ondansetron 
alone for up to 48 h postoperatively, even though the incidence 
of nausea was not significantly different. Trimas and Trimas [23] 
also reported improved immediate PONV when using 40 mg 
aprepitant with ondansetron compared to ondansetron alone 
(from 15.5% to 1.8%). Lee et al. [18] reported that compared 
to 0.3 mg ramosetron alone and combination therapy using 80 
mg aprepitant plus 0.3 mg ramosetron significantly reduced the 
incidence of nausea and vomiting during the first 24 h postop-
eratively from 80.9% to 50% and 42.8% to 4.7%, respectively, in 
gynecological patients using fentanyl IV-PCA. This represented 
relative risk reductions of 38% for nausea and 89% for vomiting. 
Thus, the anti-vomiting effect of this combination was more ro-
bust than the anti-nausea effect. 

It has been reported that palonosetron inhibits signaling 
cross-talk between the 5-HT3 and NK1 receptors: 5-HT3 recep-
tor internalization by palonosetron alters signaling cross-talk 
between 5-HT3 and NK1 receptors, resulting in NK1 receptor 
internalization and NK1 receptor inhibition without direct 
binding to the NK1 receptor. In mechanistic studies using 
rodent-derived NG 108-15 cells, palonosetron and NK1 antag-
onists exerted an additive/synergic effect on substance-P-medi-
ated inhibition. The authors suggested that the preventive effects 

of palonosetron and NK1 receptor antagonism on delayed em-
esis could be additive. However, these in vitro studies using ro-
dent-derived cell models did not take into account species-spe-
cific differences in receptor locations and mechanisms of action. 
It is still unclear whether palonosetron’s preventive effect against 
substance P on NK1 receptors is enhanced or negated in hu-
mans [13,24,25]. 

In contrast, studies of CINV have reported greater NK1 re-
ceptor antagonism when using netupitant combined with palo-
nosetron and dexamethasone [26,27]. Therefore, we postulated 
that the combination of aprepitant and palonosetron would 
offer superior protection against PONV as compared to palono-
setron alone, similar to the results observed for aprepitant and 
ondansetron or ramosetron combinations. However, our results 
reveal that when combined with palonosetron, aprepitant unex-
pectedly did not reduce the incidence of PONV as compared to 
palonosetron alone. 

We offer possible explanations for our unexpected results 
cautiously. First, the results may be related to our evaluation 
period. In the CINV study, acute emesis was largely associated 
with activation of 5-HT3 receptors by serotonin, while delayed 
emesis is thought to occur mainly through activation of NK1 
receptors by substance P. In other words, serotonin is the dom-
inant mediator in the acute phase, while substance P becomes 
the dominant mediator in the delayed phase [28]. Therefore, our 
negative result may be due to our study evaluating patients only 
for the first 24 h postoperatively. Furthermore, palonosetron in 
this period may have sufficient effect on the NK1 receptor to 
prevent PONV through 5-HT3/NK1 receptor cross-talk inhi-
bition, resulting in masking of the effect of aprepitant on NK1 
receptors. 

One important result of our study is the finding that combi-
nation of aprepitant and palonosetron reduced the incidence of 
vomiting from 14% to 2% compared with palonosetron alone. 
This corresponds to an 86% relative reduction in the risk of 
vomiting during the first 24 h postoperatively. This is consistent 
with a previous finding by Lee et al. [18] of an 89% relative risk 
reduction for vomiting using aprepitant. Our results suggest that 
aprepitant does have an anti-vomiting effect, even though there 
was no statistical group difference due to the low incidence of 
vomiting even in the palonosetron alone group (P = 0.111).

One limitation of this study was its relatively short evalua-
tion period. We investigated our study medications for only the 
first 24 h postoperatively, but aprepitant and palonosetron have 
demonstrated efficacy in preventing both acute and delayed 
emesis [13]. Therefore, further studies on the delayed effects of 
aprepitant combined with palonosetron for prevention of PONV 
for up to 48 h postoperatively are needed.

In conclusion, a combination of aprepitant and palonosetron 
did not reduce the incidence of PONV to a greater extent than 
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did palonosetron alone in the first 24 h after surgery in female 
patients receiving fentanyl IV-PCA.
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